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Introduction
Residential satisfaction refers to the degree to which households evaluate the place in which they live. Satisfaction comes from having good housing, comfort, good quality of neighborhood. It is essentially a multidimensional concept, since it depends on satisfaction in different domains, mainly housing-specific features and neighborhood conditions. Presumably, the more the dwelling and the neighborhood are of high quality, the highest are housing-related expenditures. Residential satisfaction is then the result of a balance between benefits arising from housing and neighborhood facilities and expenditures entailed by them.
In the economic literature, to determine the relative importance of drivers of residential satisfaction, the average effect of each variable is usually estimated using sample data eventually split in sub samples in order to represent social classes. For instance, Filandri and Olagnero (2014) investigate the relationship between ownership and housing well-being by distinguishing between upper or high class, middle class and low class.
1 A concern about the division of households into groups is that as groups are modified or group assignment change, results of quantitative analysis applied to such data can dramatically change. Moreover, we wonder whether it is still suitable to analyze socio-economic phenomena in modern societies with respect to social class. Some authors claim that social class "no longer exists as a meaningful social entity" (Pakulski and Waters 1997, p. 667) .
In this paper, we propose an empirical methodology to overcome the problem of estimation results depending on the way the sample is divided to take into account people's different status or economic resources. We move from the idea of dividing households into groups and propose an empirical strategy in which the effect of each determinant of residential satisfaction can change on continuous according to households' income. More specifically, we want to determine how their impact changes when we consider people with different resources.
We apply our methodology to investigate what determines residential satisfaction in 23
European countries using the 2012 EU-SILC module on housing conditions.
Our results confirm a priori expectations about the sign of determinants of residential satisfaction, while they are particularly insightful to determine the relative importance of determinants depending on household monetary resources.
The remainder of the paper is structured as follows. In Section 2 we review the literature about residential satisfaction. Section 3 describes data and variables. Section 4 discusses the empirical strategy. Section 5 presents the results. The last section concludes.
Residential satisfaction: A view from the literature
Residential satisfaction has been conceptualized in many different ways, however it is generally considered as a multidimensional concept. 2 For instance, Francescato et al. (1986) define residential satisfaction as people's response to the environment in which they live. The authors provide a six-domain taxonomy of variables determining residential satisfaction: objective environmental attributes, individual characteristics, behavioral and normative beliefs, perceptions, emotions, and behavioral intentions. Such variables include not only the physical environment but also aspects such as management, community and health (Potter et al. 2001 ).
In the last few decades, a growing body of literature in housing has explored the determinants of residential satisfaction looking at people's subjective (self-reported) evaluation of housing and neighborhood in which they live. Within this framework, individuals are directly asked to 2 For of a detailed overview of the concept of residential satisfaction, see Mohit and Khanbashi Raja (2014) .
rate their own residential satisfaction, either overall or with respect to specific domains. This type of analysis has been carry out mainly in North America, in particular in the United States while they have been much more rare in Europe. As for the former, Lu (1999) , for instance, uses the national data from the American Housing Survey to investigate the drivers of residential satisfaction in the United States. As for the latter, Balestra and Sultan (2013) use EU-SILC survey on European countries and the Gallup World Poll data on OECD countries to explore the link between households' residential satisfaction and a number of variables related to individuals, the households to which they belong, and the characteristics of the dwelling and neighborhood where they live.
These works highlight different issues related to residential satisfaction: Lu (1999) emphasizes the policy implications empirical analysis. The latter indeed represent a tool for policy makers to deeply understand perceptions and preferences of residents and to design more effective housing programs. James (2008) and Huang and Du (2015) focus on residential satisfaction with public housing with the aim to assess whether public housing meet needs of low-income groups. More specifically, James (2008) looks at the size of public housing project and at its effects on residential satisfaction; Huang and Du (2015) evaluate the efficiency of public housing allocation scheme.
Finally, an increasing number of studies merge the literature about mobility with the literature on residential satisfaction. The aim of these studies is to analyse the impact of residential satisfaction on mobility decision. The idea is that the quality and the perception of place where people leave affect the mobility propensity of households, once their income resources are taken into account. For example, Van Ham and Feijten (2008) analyse the role of neighbourhood characteristics in individual residential moving behaviour in the Netherlands. Diaz-Serrano and Stoyanova (2010) investigate the relationship between residential mobility and housing satisfaction in 12 European Union countries. They focus on observed mobility rather than the commonly used indicators based on intention to move. Moreover, their study is based on panel data, which allows to observe variations in the determinants of housing mobility when this event occurs.
Data and Variables
Data are taken from EU-SILC which released a specific module on housing conditions in 2012
for the European countries. We restrict our analysis to 23 countries for which information is complete.
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The satisfaction for the dwelling is based on the following question "How satisfied are you with your dwelling?" The response is measured on a four-point Likert scale: -Dwelling lacks, such as dampness in the walls or dwelling too dark, without enough daylight. Lacks are measured by a discrete variable ranging from 0 (absence of lacks) to 2 (both lacks in the dwelling).
-Material deprivation in terms of lack of: (i) a shower unit or a bathtub for sole use of the household in the dwelling; (ii) an indoor flushing toilet for sole use of the household in the dwelling; (iii) eating. Material deprivation is measured by two dummy variables, one for moderate deprivation, and the other for severe deprivation. The first dummy variable is equal to 1 whether housing is deprived on 1 or 2 items; 0 otherwise. The second dummy variable for severe material deprivation is equal to 1 whether housing is deprived on all three items.
As for neighborhood conditions, we consider:
-Accessibility of basic needs, such as grocery services, banking service, postal service, public transport, primary health care services, compulsory schools. It is measured by a discrete variable ranging from 0 (no accessibility) to 6 (accessibility of all basic needs);
-Environmental problems, such as (i) noise from neighbors or from street; (ii) pollution, grime. These problems are measured from a discrete variable ranging from 0 (no environmental problem) to 2 (both problems).
-Crime violence or vandalism in the area, measured by a dummy variable equal to 1 whether the respondent feels crime, violence or vandalism to be a problem for the household.
Housing costs include: mortgage interest payments; rent payments; structural insurance, mandatory services and charges (sewage removal, refuse removal, etc.); regular maintenance and repairs; taxes, cost utilities (water, electricity, gas and heating). They are expressed as percentage of total disposable household income. The latter is net of income taxes and includes social security contributions. Housing costs to income ratio is a suitable measure for evaluating the cost component of housing affordability (Gabriel et al., 2005) .
Individual and household attributes include: gender; age; education level (up to lower secondary education; upper secondary education; tertiary education); employment status (dummy variable equal to 1 whether the respondent is employed; 0 otherwise); household type (single; single with children; couples without children; couples with children). In addition to these variables, we consider the tenure status, distinguishing between outright owner; owner paying mortgage; tenant or subtenant paying rent at prevailing or market rate; tenant or subtenant paying rent at a reduced rate (lower than the market price); accommodation provided for free (there is no rent to be paid because the accommodation comes with the job, or is provided rent-free from a private source). The overall distribution of satisfaction with the dwelling is slightly skewed towards higher satisfaction. 4 About 58 per cent of sample members live in detached or semi-detached homes.
13.1% of those are located in densely populated areas.
A minority of people live in crowded houses (12.4%), in homes with some lacks (20.8%), or in houses with either a moderate degree or a severe degree of material deprivation (5.4% and 0.04%, respectively). 
Empirical Framework
We use a proportional-odds cumulative logit model (Agresti, 2002) to evaluate the impact of factors determining residential satisfaction on the probability to be satisfied with the dwelling.
The dependent variable, denoted by Y, and measuring the level of satisfaction with the house, is defined on J ordered categories.
The proportional odds model assumes that the cumulative logits are expressed as a function of a linear combination of the set of explanatory variables, denoted by = ( 1 , … , ), according to the following equation:
Each cumulative logit describes the log-odds of two cumulative probabilities, namely the probability of not being below a certain category j of the response variable and the probability of being below this category. Each equation has its own intercept representing the log-odds of falling into or above category j when the continuous variables are zero and the categorical variables are equal to their baseline-category. The parameter describes the effect of on Y:
is the increase of the log-odds of falling into or above any category of Y due to a one-unit increase in , holding all the other variables in the model constant. A positive slope, hence, indicates a tendency of the satisfaction to increase as the explanatory variable increases.
To assess residential satisfaction in European countries, the model considered above has been extended to include potential nonlinear effects of continuous variables. To simplify notation, we assume that only continuous predictors are included in the model. Equation (1) can be rewritten as
where ( ) is an unknown function representing the nonlinear effects of the covariates x = x1, …, xp. Maintaining the assumption of proportionality, this function can be specified by ( ) = + ( ), and, preserving the additive nature of the effects, we obtain
where ( ), = 1, … , , represents the effect of variable xs on logit j.
In this paper a spline approach has been employed to approximate the unknown functions variables to the linear predictor is straightforward. This representation is extremely convenient since ordinary estimating procedures (i.e. the maximum likelihood) can be adopted to estimate the parameters of the regression model.
As mentioned above, B-splines are constructed from polynomial pieces joined at the knots. The choice of knots is a key point in spline modelling since too many knots lead to overfit the data and to unstable estimates whereas to few knots lead to too smooth estimates and poor fit. A possible way around the problem is to use a relatively large number of knots and prevent overfitting by including a penalty when estimate the regression on the data. The P-spline approach (Eilers and Marx 1996) relies on a penalty based on the difference of the coefficients of adjacent components of the B-splines basis. These constrains can be included in the usual estimation procedures in a relative simple way. Yee (2010) described how this procedure can be applied to a large class of multivariate models, so-called vector generalized additive models, including the proportional odds model presented above. In this paper the VGAM library of R (Yee, 2010) has been employed to estimate the model. Technical details of model fitting can be found in Yee (2015) .
Since the aim of the paper is to estimate how the effect of each determinant of residential satisfaction changes according to household monetary resources, we have proceeded as follows:
the ordered logit is estimated separately for each income quartile: We obtain four estimated coefficients associated with each covariate, one per quartile. The four estimated values are interpolated by a smooth function to obtain a continuous pattern of the effect of each covariate depending on income.
To strengthen our methodology, we developed two types of robustness checks: first, the composition of the four quartiles has been perturbed by swapping a minor percentage of households from a group to the adjacent one; second alternative partitions of income distribution is considered in alternative to quartiles.
Results
Estimation results of the benchmark model in which regressors enter linearly in the specification of model (1) are shown in Table 2 . The logit regression is run separately for each quartile of the income distribution. Estimations, obtained by maximum likelihood, are mostly significant and have the expected sign. Regressors include housing-specific conditions, neighborhood conditions, housing costs, individual and housing attributes as described in the Section 3. We also added in the specification a country fixed effect representing factors specific to each country such as societal standards or rules for life conditions. The latter are known as housing cultural norms (Lu, 1999) . In the UK, for example, a single-family home or a semidetached home with a private garden is prescribed as by the mainstream culture as the housing norm.
5
As we will see in detail at the end of this section, housing-specific characteristics are the most important factors in explaining the variability of the probability to be satisfied, followed by (1) Looking at the housing-specific characteristics, Figure 2 shows the path of the odds ratio with income on the horizontal axis. An odds ratio hither than 1 means that, anything else being equal, a marginal increase in the covariate implies an increased likelihood of being satisfied with the dwelling, whereas an odds ratio lower than 1 indicates a decreased likelihood. An odds ratio equal to 1 means that an increase in the covariate is not related to a variation in the likelihood of being satisfied. In figure below, the circle indicates the odds ratio obtained estimating the logit model (1) Households living in detached houses or semi-detached houses are more likely to express higher levels of satisfaction than households living in apartment. Such positive effect is stronger if the dwelling is located in high-dense urban areas and if it is owned by less wealthy households.
Poor quality and inadequate housing -overcrowded, with lacks or characterized by a moderate degree or a severe degree of deprivation -have a negative impact on residential satisfaction.
The effect of these factors are quite stable across the income distribution, except for moderate material deprivation, whose effect is stronger for poor households; and severe material deprivation, whose effect is absent for half of the richest households since their dwellings do not suffer from the lack of a shower unit, an indoor flushing toilet and from the lack of eating. The effect of neighborhood conditions are shown in Figure 3 . Accessibility of basic needs has a positive effect on residential satisfaction; this effect is quite stable across household income distribution. Environmental problems and crime have a negative effect on residential satisfaction: while the latter is a concern especially for poor households, the former plays a negative role especially for rich households. Our findings on crime are consistent with previous results; Rainwater (1966) , for example, shows that the poor have a greater concern with crime than the rich. To our knowledge, we are indeed the first to provide an estimation for the effect of environment on residential satisfaction when monetary resources may change across households. Our result about environmental problems reflects the idea according to which "environmental quality is very much like leisure time: as people become wealthier they demand more of it, mostly because they can better afford it" (Boudreaux, 2008 p. 26 ).
The last chart of Figure 3 shows the pattern for housing costs over household disposable income. They are negatively related to satisfaction only for about 30 per cent of the poorest households (the odds-ratio is equal to 1 at the twenty-ninth percentile). Then housing costs have a positive effect at an increasing rate up to the fifty-first percentile; beyond that, the effect remains positive but a decreasing rate. Higher income households have greater capacity to bear housing costs. Part of these costs may be needed to maintain a comfortable housing, proper to the socio-economic status of owners. Housing costs, on the other hand, are a burden for lowincome households with negative consequences on satisfaction with the dwelling. Turning to individual and household characteristics, these variables allow to control for possible differences in the assessment of same housing and neighborhood conditions by individuals with different attributes or household background (Lu, 1999) . Their effect is shown in Appendix, Figure A1 . Age has a positive effect, which is quite stable across household income distribution.
We find a similar result for women, who are more likely to be satisfied with the dwelling than man. This is explained by the persistence in Europe of social norms regarding gender stereotypes with the consequence that housing activities are still largely allocated to women.
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The result according to which housing ensures a greater satisfaction to those who dedicate more time and attention to routine housework seems to be plausible.
Education and employment are positively related with satisfaction. As for the former, the positive effect is stronger for individuals at the top of income distribution with college education than those with an upper secondary education (the reference being lower secondary education or less). As for the latter, the positive effect is stronger for people at the bottom of income distribution up to the median. Beyond that, being employed does not significantly affect residential satisfaction everything else being equal. The positive effect of education may be due to the fact that, everything else being the same, households with higher education are better able to find better housing than less-educated people (Fredrickson et al. 1980 ).
Looking at the household composition, single and couples with or without children are less likely to be satisfied with the dwelling compared to single without children, which is the reference. The negative effect is stronger for single with children. Once we control for housing costs and overcrowding, a possible explanation of this result is that single-parent households tend to express lower levels of overall subjective well-being, which might in turn translate into lower levels of housing satisfaction (see Balestra and Sultan, 2012 and references therein) .
Similarly, couples with or without children may express a lower level of satisfaction than single without children since sharing daily life in the same housing requires a capacity of adaptation and tolerance, which is not needed to singles.
The last feature of respondents we consider is tenure status. While owners paying mortgage are more likely to be satisfied with the dwellings than owners tout court (the latter being the reference), tenants paying rents at a market price or at a reduced rate, or living in a dwelling provided for free are more likely to be less satisfied than owners. This result confirms previous studies in the literature, as Deurloo et al. (1994) ; Parkes et al. (2002) , Diaz-Serrano (2009) .
In Appendix, Figures 2A and 3A , we also show the results obtained by considering a spline term for the two continuous covariates included in the specification: the ratio of housing costs over income and age. As for the former, the effect is negative for the first quartile, while it becomes positive for the other quartiles and with exhibits some non linearities as the ratio increases. As for the latter, the effect is positive at an increasing rate for all quartiles.
Finally, we find evidence of geographic differences in households' assessment of residential satisfaction. Figure 4 shows the probability to be satisfied or very satisfied with the dwelling for a same profile of households across countries. We consider a woman, 55 years old, with To further test the robustness of our results, we re-estimated the logit model by considering alternative partitions of the income span obtained using the quintiles and the sextiles of income distribution. These new results 7 are similar to those presented in this section. This suggests that the conclusions we have drawn do not appear to be overly sensitive to a particular partition of 7 They are available upon request.
households ordered by income. It should be noted, however, that the division in groups generates a trade-off: on one hand, a partition of population in a greater number of groups increases the detail of results in the sense that a greater number of points are interpolated by a smooth function. The latter is then drawn with a greater accuracy. On the other hand, as the number of groups increases, the degree of freedom decrease, reducing reducing the stability of the estimation coefficients hence the informative power of estimates.
Conclusion
The aim of the paper has been to investigate how factors of different nature shape residential satisfaction of households ordered by income. Our results have shown that in Europe residential satisfaction is driven first by housing-specific characteristics, followed by neighborhood conditions and individual/household characteristics. Moreover, the results indicate that, anything else being equal, the probability to be satisfied or very satisfied strongly differs across countries. Finally, we have seen that residents with different monetary resources attach importance to particular determinants of residential satisfaction. Looking, for example, at neighborhood conditions, low-income residents are more concerned by crime, while highincome residents pay more attention to environmental conditions.
The results in this paper have some important policy implications. First, they allow to modulate some important aspects from the policy maker's point of view such as the relative importance of different drivers of residential satisfaction across income distribution. Second, the comparison of residential satisfaction across countries provides information that is particular relevant to inform the debate on gaps in living standards in Europe, while also indicating specific directions for housing, urban and environmental policy. Third, the analysis highlights the importance for local, national and supranational governments.to establish information systems for monitoring the determinants of residential satisfaction. This would significantly improve one's ability to detect disparities in satisfaction across regions or countries and identify appropriate policy actions. 
